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Description 

[A MEASUREMENT TO DETERMINE 
PLASMA LEAKAGE] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a method and system for 
detecting abnormal plasma discharge that is useful in, for 
example, detecting plasma leakage in a reactive ion etch- 
ing (RIE) chamber. 

[0003] Description of the Related Art 

[0004] when performing processing in a chamber, such as reac- 
tive ion etching (RIE) within a plasma chamber, various 
problems can occur that affect the quality of the process- 
ing performed in the chamber. One problem that can oc- 
cur is plasma leakage. More specifically, plasma leakage 
occurs when secondary plasma is formed in locations of 
the reactor other than the desired region. The source of 
the plasma leakage can be attributed to a variety of fac- 



tors, some of which are difficult to monitor (e.g., baffle 
reworking, bad electrical contact of various parts, worn 
quartz rings, etc.). This plasma leakage degrades perfor- 
mance and sometimes results in failures because of prob- 
lems such as vertical leakage and functional yield degra- 
dation. The invention described below addresses these is- 
sues. 

Summary of Invention 

[0005] Disclosed is a method and system for detecting abnormal 
plasma discharge in a chamber that is useful in, for ex- 
ample, detecting plasma leakage in a reactive ion etching 
(RIE) chamber. The system includes electrical contacts 
connected to the chamber that provide an input signal to 
the chamber. This input signal can be generated by a ra- 
dio frequency (RF) generator that is connected to the elec- 
trical contacts. A variable power controller connected to 
the RF generator gradually increases (ramps) the power of 
the input signal being supplied to the chamber. 

[0006] An impedance monitor that is connected to the electrical 
contacts monitors the impedance seen on the electrical 
contacts to determine the voltage of the chamber. The in- 
vention monitors the impedance of the chamber through 
the electrical contacts. An abrupt change in the 



impedance indicates an abnormal plasma discharge in the 
chamber. More specifically, an abrupt drop in peak- 
to-peak voltage of the chamber indicates plasma leakage 
in the chamber. 

[0007] | n other words, the invention provides an input signal to 
the chamber using electrical contacts and gradually in- 
creases the power of the input signal. In one embodiment, 
the input signal comprises a ramped signal such as a step 
ramped signal or a smooth ramped signal. The invention 
monitors the impedance of the electrical contacts to de- 
termine the voltage of the chamber and an abrupt drop 
(e.g., a drop of greater than 5 %) in peak-to-peak voltage 
of the chamber indicates plasma leakage in the chamber. 
This plasma leakage comprises formation of a region of 
secondary plasma in a location different from the in- 
tended primary plasma formation location (e.g., the 
wafer). 

[0008] The invention includes a recording device to record the 
power at which the abrupt drop occurred. The invention 
also correlates the power level at which the abrupt drop in 
peak-to-peak voltage occurred with a specific type of 
chamber defect. In other words, some defects will consis- 
tently cause the onset of plasma leakage to occur at a 



specific power level. Therefore, the invention maintains a 
history of the power level associated with the onset of 
plasma leakage for each type of defect and prepares a 
correlation between power level and defect type. When an 
abrupt drop in peak-to-peak voltage is observed, the 
power level at which the voltage drop occurred can be 
quickly correlated to a probable defect. This allows the 
chamber to be periodically tested and defects diagnosed 
more quickly. 

[0009] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 
and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 
tions may be made within the scope of the present inven- 
tion without departing from the spirit thereof, and the in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0010] The invention will be better understood from the following 
detailed description with reference to the drawings, in 



which: 

[0011] Figure 1 is a graph showing the relationship between 

power of an input signal and peak-to-peak voltage within 
a processing chamber; 

[0012] Figure 2 is a schematic diagram illustrating proper reac- 
tive ion etched trenches; 

[0013] Figure 3 is a graph showing the relationship between 

power of an input signal and peak-to-peak voltage within 
a processing chamber; 

[0014] Figure 4 is a schematic diagram illustrating improper re- 
active ion etched trenches; 

[0015] Figure 5 is a system diagram of an embodiment of the in- 
vention; and 

[0016] Figure 6 is a flow diagram illustrating a preferred method 
of the invention. 
Detailed Description 

[0017] The present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the nonlimiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 



cessing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein 
are intended merely to facilitate an understanding of ways 
in which the invention may be practiced and to further en- 
able those of skill in the art to practice the invention. Ac- 
cordingly, the examples should not be construed as limit- 
ing the scope of the invention. 
[0018] As mentioned above, when plasma leakage occurs in an 
etching chamber, this results in power loss in the primary 
plasma location within the chamber, which degrades the 
etching process. The present inventors have developed a 
technique and system to determine when plasma leakage 
occurs. More specifically, the invention variably increases 
(ramps) the RF power applied to the reactor chamber and 
measures the impedance of this input signal as it is 
ramped. 

[0019] if the impedance drops abruptly, this indicates that 
plasma leakage has onset. 

[0020] Figures 1-4 illustrate this process. More specifically, Fig- 
ure 1 is a graph showing the relationship between the 
power of the input signal 10 and the associated 
impedance 12 seen on the input signal line 12. In Figure 
1, there is no abrupt drop in impedance; however, in Fig- 



ure 3, an abrupt drop in impedance 30 occurs at approxi- 
mately 1400 W. Therefore, Figure 3 illustrates the onset of 
plasma leakage at approximately 1400 W. The trenches 
20 are properly formed (as shown in Figure 2) when there 
is not plasma leakage as indicated by the graph in Figure 
1. However, trenches 40 are improperly formed (as shown 
in Figure 4) when there is plasma leakage as indicated by 
the graph in Figure 3. For example, Figure 4 illustrates 
improperly formed lower portions of trenches 40 because 
of the plasma leakage. 

[0021] Thus, as shown above, the invention observes when the 
impedance drops as the power signal is ramped in order 
to determine when plasma leakage onsets. While many 
different system embodiments could be utilized to per- 
form such processing, one illustrative system embodiment 
is shown in Figure 5. It is important to note that the sys- 
tem shown in Figure 5 is only an example, and many other 
systems could be utilized with the invention. Therefore, 
the invention is not limited to the structure shown in Fig- 
ure 5, but instead is applicable to any such system. 

[0022] As shown in Figure 5, the invention provides a system for 
detecting abnormal plasma discharge in a chamber that is 
useful in, for example, detecting plasma leakage in a re- 



active ion etching (RIE) chamber. The system includes 
electrical contacts 508 connected to the chamber 506 that 
provide an input signal to the chamber 506. This input 
signal can be generated by a radio frequency (RF) genera- 
tor 502 that is connected to the electrical contacts 508. A 
variable power controller 504 connected to the RF genera- 
tor 502 gradually increases (ramps) the power of the input 
signal being supplied to the chamber 506. 

[0023] An impedance monitor 510 that is connected to the elec- 
trical contacts 508 monitors the impedance seen on the 
electrical contacts 508 to determine the voltage of the 
chamber 506. Thus, the invention monitors the voltage of 
the chamber 506 through the impedance seen by the RF 
generator 502 by the electrical contacts 508. An abrupt 
change in the impedance indicates an abnormal plasma 
discharge in the chamber 506. More specifically, an 
abrupt drop in peak-to-peak voltage of the chamber 506 
indicates plasma leakage in the chamber 506. 

[0024] | n other words, the invention provides an input signal to 
the chamber 506 using electrical contacts 508 and gradu- 
ally increases the power of the input signal. In one em- 
bodiment, the input signal comprises a ramped signal 
such as a step ramped signal or a smooth ramped signal. 



The invention monitors the impedance seen on the elec- 
trical contacts 508 by the RF generator 502 to determine 
the voltage of the chamber 506 and an abrupt drop (e.g., 
a drop of greater than 5 %) in peak-to-peak voltage of the 
chamber 506 indicates plasma leakage in the chamber 
506. This plasma leakage comprises formation of a region 
of secondary plasma in a location different from the in- 
tended primary plasma formation location (e.g., the 
wafer). 

[0025] The invention includes a recording device 500 to record 
the power at which the abrupt drop occurred. The inven- 
tion also correlates the power level at which the abrupt 
drop in peak-to-peak voltage occurred with a specific 
type of chamber defect. In other words, some defects will 
consistently cause the onset of plasma leakage to occur at 
a specific power level. Therefore, the invention maintains 
a history of the power level associated with the onset of 
plasma leakage for each type of chamber defect in the 
recording device 500 and prepares a correlation between 
power level and chamber 506 defect type. Therefore, 
when an abrupt drop in peak-to-peak voltage is observed, 
the power level at which the voltage drop occurred can be 
quickly correlated to a probable chamber 506 defect. This 



allows the chamber 506 to be periodically tested and de- 
fects diagnosed more quickly. 
[0026] As shown in flowchart form in Figure 6, the invention pro- 
vides a method of detecting plasma leakage in a reactive 
ion etching (RIE) chamber that begins by providing an in- 
put signal to the chamber using electrical contacts 600. 
Next, the invention gradually increases (smooth ramp or 
step ramp) the power of the input signal 602. In item 604, 
the invention monitors the impedance of the electrical 
contacts to determine the voltage of the chamber. If, dur- 
ing the monitoring process, there is an abrupt drop in 
peak-to-peak voltage of the chamber, this indicates 
plasma leakage in the chamber and processing proceeds 
to item 608 as indicated by decision box 606. In item 
608, the invention records the power at which the abrupt 
drop occurred. The invention can correlate the power level 
at which the abrupt drop in peak-to-peak voltage oc- 
curred with a specific type of chamber defect, as shown in 
item 612. Then, in item 614, the defect is repaired and 
processing returns to item 600 to determine if any other 
defects are present. Processing continues to monitor the 
impedance until the power is increased to a maximum 
point as indicated by the processing return arrow from 



item 610 to item 602. If item 610 determines that the 
power has been increased to the maximum, processing is 
complete. Therefore, when an abrupt drop in peak- 
to-peak voltage is observed, the power level at which the 
voltage drop occurred can be quickly correlated to a 
probable chamber defect. This allows the chamber to be 
periodically tested and defects diagnosed more quickly. 
[0027] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



